Abstract-This paper reports the fabrication and analysis of flexible photoanode on titanium (Ti) foil for backilluminated dye sensitized solar cells (DSSCs). Performance comparison with the solid state FTO glass based DSSC using the back-illumination and frond-illuminated techniques were also carried. During the fabrication process, the surface of Ti foil, had been treated with H2O2 and doctor blade method was applied for deposition of the photoanode on substrates. The measurement results show that the fabricated DSSC with flexible photoanode has power conversion efficiency of 1.00% under back illuminated solar radiation of 1.5 A.M while DSSCs with solid state photoanodes have power conversion efficiency of 0.53% (back-illuminated) and 2.22% (front-illuminated), respectively. The DSSC with flexible photoanode has better power conversion efficiency than the DSSC with solid-state photoanode under back-illumination condition. However, it is comparatively low from front illumination DSSC due to platinized counter electrode partially reflects light, while iodine in the electrolyte absorbs photons affects the performance.
I. INTRODUCTION
Nowadays renewable energy experiencing an increase in attention worldwide due to many long term benefits such as low maintenance cost and environmental friendly. Renewable energy is generally originated from renewable resources such as bioenergy, geothermal, hydroelectric, hydrogen, ocean, solar and wind. Among them, solar energy are the most popular and well utilized in large scale such as solar farm till small scale such as in calculator. Solar energy can be converted to electricity via solar modules which convert the photon to direct current. This form of energy relies on the nuclear fusion power from the core of the Sun [1] .
Photovoltaic (PV) Solar cell technologies are divided into three generations. First generation are mainly based on mono-crystalline and poly-crystalline silicon, typically demonstrate about 15-25 % of efficiency. The benefits of this solar cell technology lie in their good performance, as well as their high stability. However, they are rigid and require a lot of energy and cost in production. The second generation are based on thin film such as amorphous Silicon, Copper Indium Gallium Selenide (CIGS) and Cadmium Telluride (CdTe), where the typical performance is 10 -15%. It has a lower material consumption since it avoid use of silicon wafers. However, as it still includes vacuum processes and high temperature treatments, there is still a large energy consumption associated with the production. Furthermore, it is based on scarce elements and this is a limiting factor in the price. The Cadmium used in thin film solar cell is also toxic for the human being therefore the production must be handle carefully. Third generation solar cells uses organic materials such as small molecules or polymers. It covers expensive high performance experimental multi-junction solar cells which hold the world record in solar cell performance. This type has only to some extent a commercial application because of the very high production price. A new class of thin film solar cells currently under investigation are Perovskite solar cells and show huge potential with record efficiencies beyond 20% on very small area [2] . However, Perovskite solar cell suffers from instability and the process is rigid since it must be done in very clean environment with controlled humidity.
Dye Sensitized Solar Cells (DSSC) are the third generation PV Solar Cell that converts photon into an electrical energy based on absorption of dye molecules associated in wide bandgap semiconductor. DSSC has received worldwide attention for its high-efficiency of energy conversion and low production cost [3, 16, 17] .
The major key components of the conventional DSSC are the semiconductor photoanode, sensitizer (dye), redox mediator, counter electrode, and mechanical support. The photoanode which is usually a dye molecule coated nanoporous metal oxide film semiconductor deposited on a Transparent Conductive Oxide (TCO) substrate as photoanode electrode, Platinum (Pt) coated on TCO substrate as counter electrode and an electrolyte containing I-/I3-as redox couple [4] .
Metal oxide consists of semiconductor such as TiO2, ZnO, and SnO. The semiconductor tasks as photon absorption and carrier for charge separation and transport, the two functions are different in a DSSC. In a conventional DSSC, light will be absorbed by a synthetic sensitizer dye typically N719, which led to the surface of a wide band gap n-type semiconductor [5] . The sensitizer (dye) is the photoactive component of DSSC as it converted to electricity once it is sensitized by visible light. The dye catches photons of incoming visible light and excites the electrons using its energy. Then, the dye injects the excited electron into the TiO2 semiconductor. The electron is conducted away by nanocrystalline TiO2 semiconductor. Pt coated on TCO glass performs a catalytic activity for the reduction of I-/I3- [6] . Electrolyte contains redox mediator serves to meet and restore the dye after oxidation of its molecules. The most mediators are the I-/I3-couple because of its slow recombination rate with injected electrons [7] . A chemical electrolyte in the cell then closes the circuit so that the electrons are returned back to the dye. These electrons create energy and harvested into a rechargeable battery or any electrical device.
Flexible DSSC is one of modification of conventional DSSC based on its substrate. Metal materials was chosen for having excellent electrical conductivity, good flexibility and ductility, thermal stability, could withstand high temperature treatment compared to the plastic, lower sheet resistance compared to ITO, as well as low cost in production. The use of metal materials as photo electrode substrates of DSSCs could lower the cost of the devices, and yet it helps to improve the performance of the solar cell by reducing the internal resistance. Nowadays, various metals are tested as substrates in DSSCs including StSt, W, Ti, Co, Ni, Pt, Al, Cu, Zn, etc. [8] .
Previous paper have reported that pre-treatment of hydrogen peroxide (H2O2) performed on titanium (Ti) foil as an efficient photoanode substrate for dye-sensitized solar cell (DSSC). The H2O2-treated Ti shows high surface area because of the formation of networked TiO2 nanosheets, which enhances electrical contact between screen-printed TiO2 nanoparticles and Ti foil [9] . The surface property of the Ti wire, especially oxidized over layer and surface treatments have been found to greatly influence the adhesion as well as optimum electrical contact between coated nanoporous titanium oxide (TiO2) and Ti-wires. [10] In this paper, the detail process of photoanode fabrication on flexible Titanium foil and the evaluation results are discussed.
II. EXPERIMENT

A. Material
The following materials were purchased from commercial suppliers: Fluorine Doped Tin Oxide (FTO) glass (< 15ohm/sq.; > 83 % ; Zhuhai Kaivo Optoelectronic Technology Co., Ltd.), Pure Metals (99.5% Titanium Sheet; The Nilaco Corporation), Glacial Acetic Acid (99.7% for ACS Analysis; J.T Baker), Acetone, Ethanol, Isopropyl Alcohol (Quality Reagent Chemical), Ditetrabutylammoniumcis-bis(isothiocyanato)bis(2,2 -bipyridyl-4,4 -dicarboxylato)ruthenium(II), Hexachloroplatinic Acid Hexahydrate, Alpha Terpineol, Titanium (IV) Oxide anatase-nanopowder, Ethyl Cellulose, Hydrogen Peroxide, H2O2 (Sigma Aldrich), Tri-iodide electrolyte (Solaronix)
B. Preparation of Glass Substrates
Fluorine doped tin oxide (FTO) glass with a surface resistivity of > 15 ohm/sq was used as the substrate, the glass was cut into 2 cm x 2.5 cm from the non-coated surface with the usage of a Glass Cutter System (ZHKV-DT300). The cut pieces were first washed with detergent and sonicated. The obtained substrates were placed in a beaker containing acetone (solvent) and then placed in an ultrasonic bath for 15 minutes. The acetone was subsequently replaced with Isopropanol alcohol and then subjected to sonication for another 15 minutes in order to remove organic and inorganic contaminants. Finally, the glass substrates were rinsed with deionized water (DI) water and then dried using a blower to remove excess liquid.
C. Preparation of Flexible Substrates
Firstly Ti foil was cut into 2cm x 2.5cm, then scratch the oxidize surface of Ti foil using fine sandpaper. Then cleaned with detergent, acetone and IPA for 10 minutes by sonication respectively. The Ti foil was then dipped in H2O2 solution at (30 wt. %, 20 ml) 500rpm at 70°C for 30 minutes. During dipping, the Ti foil reacted with H2O2 and formed networked TiO2 nanosheets on the surface. To enhance crystallization of TiO2 nanosheets, the Ti foil then sintered at 450°C, ramp 1hrs, bake 30 minutes. [9] 
D. Preparation of Titanium Dioxide Photoanode
The commercial TiO2 powder was heated up to 400°C for 30 minutes to remove any absorbed moisture and organic impurities. Then the preheated nanopowder was added with 0.2ml glacial acetic acid and 0.2mL DI water. This mixture was grinded well in an agate mortar. The dispersion of TiO2 nanopowder into the dilute acetic acid was controlled by mortar grinding. This assisted in reducing the mean particle size by increasing the dispersion time. Transparency of the coated film also improved on increasing the grinding time. Powder which stuck inside the mortar was removed using a plastic spatula, to obtain a smooth homogenous paste. A well dispersed TiO2 particles in homogenous paste were then transferred using ethanol to a beaker. This solution was then subjected to ultra sonication about 15 minutes for homogenous mixing of particles. Followed by sonication, the obtained homogenous white liquid was subjected to magnetic stirring for 2 hours at a speed of 300rpm. The homogenous white liquid was evaporated for 15 minutes at 40°C produced a viscous paste. The viscous paste was again ultra sonicated for another 15 minutes to get a fine homogenous paste. This prepared paste was protected from moisture before coating on the substrates [11] .
E. Preparation of Photoanode Deposition
This method is applied to both solid and flexible substrates. TiO2 paste prepared with ethyl cellulose was sintered in furnace at 450°C for 30 minutes to crystalline the TiO2. A doctor blading technique was used to coat the glass substrate. TiO2 paste was coated on the FTO (fluorine-doped tin oxide) conductive glass at 1 cm x 1 cm exposed area, in order to remove the solvents and other binding materials present in the pastes, the films were sintered at 450 o C for 30 min in atmospheric air. After cooling down to 80 o C, the films were dipped into a dye solution of 5×10−4 M cis-bis (isothiocyanato)-bis(2,2_-bipyridyl-4,4_-dicarboxylato) ruthenium(II) bis-tetrabutyl-ammonium (N719) dissolved in acetone and ethanol (volume ratio = 1:1) and kept at room temperature for 24 hrs.
F. Preparation of Counter Electrode
The FTO glass was used as the counter electrode for both photoanode. The glass were coated with Platinum solution for the catholic reduction of trioxide ion. 2 mM platinum solution was prepared using Hexachloroplatinic acid in 20 mL mixed with Isopropanol alcohol (IPA).
Counter electrode was sintered at 450Ç for 30 minutes.
G. DSSC Assembly and IV Measurement
The dye-loaded photoanode was rinsed and dried. The Ptcounter electrodes were assembled by sandwich with the photoanode and 60 μm Surlyn polymer sheet. The polymer film were cut into 5mm x 15mm as spacer. Applied around the coated TiO2 film. Finally, liquid electrolyte was administered into the device. Solar energy conversion efficiency was measured under solar simulators used to mimic the solar spectrum of desired intensity at 1.5 air mass densities (AM1.5). A beam homogenizer which maintained evenly distributed incident power densities across the irradiation area was also incorporated into the device. Keithley4200 source meter was used to measure the output voltages and currents The plotted graph of I-V was then analyzed to calculate the field factor (FF) and energy conversion efficiency (ECE, η).
III. RESULTS AND DISCUSSIONS
The performance of fabricated flexible photoanode is investigated. The performance is compared with solid state photoanode on glass substrates, both with front illuminated and back illuminated test condition. Fig. 1 shows I-V characteristics of DSSC based on flexible Titanium photoanode in comparison with solid state photoanode. From the graph, it shows that the back illuminated DSSC with flexible Titanium photoanode has better performance in term of current density, open circuit voltage and fill factor as compared with back illuminated solid state DSSC. However, the performance of front illuminated solid state DSSC is much better overall. This is due to the transparency of the counter electrode greatly influences the performance of DSSCs [12] . The back electrode consists of FTO and Pt layers which reduce the transparency. However, since the metal substrate photoanode based DSSCs have the only option of back-illumination. To increase the performance, the transparency of back electrode need to be improved. The main drawback of this configuration not only relates to the transmission losses due to the Pt-based catalyst but also the I−/I3− liquid electrolyte [13] . The I32 electrolyte cuts the incident light significantly (from 400 nm to 600 nm) in the flexible DSC because of the back side illumination [14] . Despite this limitation the nanotube array DSSCs exhibit consistently larger values of Voc compared to typical published values for (front side illuminated) nanocrystalline cells. [15] As reported in [3] , the networked TiO2 formed after the treatment of H2O2 are the caused for the dye loading and better adsorption for the photocurrent to be improved on the Ti Foil. As it only sits in the H2O2 for 20 minutes at 95'C instead of 30 minutes at 70'C. Method used from this paper was using a screen print method instead of doctor blading method. The doctor blading method used was not suitable for the flexible Ti Foil and caused any cracks during assembly due to any bends during fabrication which detached it from the surface as doctor blading method gives a high density of paste applied.
Some recommendations on improving the performance of efficiency for the back illumination are replacing the counter electrode with a more transparent substrate and the catalyst itself from liquid electrolyte to solid electrolyte. IV. CONCLUSION Flexible photoanode on Titanium foil for backilluminated DSSC has been successfully fabricated and measured. It shows a promising results with efficiency of 1.00% measured using back illuminated test setup. The lower efficiency of the back illumination was attributed to the higher recombination loss of photo-generated electrons at the front layer of the TiO2 film in the shorter wavelength region of solar spectrum. Backside illumination is not optimal in DSSCs since the platinized counter electrode partially reflects light, while iodine in the electrolyte absorbs photons at lower wavelengths (400 -600 nm).
